ABSTRACT MARTIN, WILLIAM R.
The formation and the further oxidation of itaconic acid by certain species of Aspergillus has been known for over 30 years. Itaconic acid metabolism has been studied with liver mitochondria (Adler, Wang, and Lardy, 1957; Wang, Adler, and Lardy, 1961) and with bacteria grown on itaconate as a sole source of carbon and energy (Brightman and Martin, 1961; Gray and Kornberg, 1960) . However, to our knowledge, no efforts have been made to determine whether microbial species inot known to produce itaconic acid possess constitutive enzyme systems for its metabolism. This paper describes the examination of 57 such microorganisms for the metabolism of itaconic acid.
MATFRIALS AND METHODS
The microorganisms used in this study were obtained from the stock culture collections of the Department of Microbiology and the American Meat Institute Foundation, The University of Chicago. The yeasts and molds were maintained on Czapek's agar and grown in the same liquid medium. Bacilli, mycobacteria, and corynebacteria were maintained and grown on veal infusion agar and broth, the micrococci on Trypticase soybean agar and broth, and the lactobacilli on solid and liquid APT medium (Evans and Niven, 1951) . Microorganisms belonging to the Enterobacteriaceae and Pseudomonadaceae were grown and maintained on nutrient broth and nutrient agar.
C14-labeled itaconic acid was obtained biosynthetically by adding C14-methyl-labeled acetate to a culture of A. terreus actively producing itaconic acid (Corzo and Tatum, 1953) . After a 5-day incubation period, the culture medium was freed of unincorporated acetate by steam distillation and itaconic acid separated from the culture medium by continuous ether extraction. The labeled itaconic acid was purified by development on a Celite column with ether as an eluant (Phares et al., 1952) . DL-Citramalic acid was synthesized by a combination of the methods of Morawski (1875) and Carius (1864) . It was purified from traces of mesaconic acid by passage through a Celite column with ether as an eluant. The product, a noncrystalline viscous substance, was chromatographically pure.
Radioactivity determinations were made on infinitely thin samples with a windowless gasflow Geiger-Muller counter.
RESULTS
Screening experiments. The microorganisms used in this study were initially screened for itaconic acid utilization by incorporating trace amounts of C'4-sodium itaconate into their respective growth media, the rationale being that labeled itaconate would be incorporated into the cellular material of microorganisms normally possessing enzymes for its metabolism and that this incorporation could be readily detected by a direct count of the radioactivity in the cells. The level of itaconate used in these experiments was 0.61 ,moles per ml and the specific activity was 275 count/min per,mole. All microorganisms were grown at 30 C on a reciprocating shaking machine in 300-ml Erlenmeyer flasks containing 25 ml of their respective media. After complete growth had taken place, the bacteria were harvested, washed twice with distilled water, and plated on counting planchets. With molds, the washed mycelia were hydrolyzed for 6 hr in 5 N H2SO4 at 15 lb pressure (121 C). The hydrolyzates were neutralized Nvith Ba(OH)2, the BaSO4 was removed by centrifugation, and the supernatants were plated on planchets for counting.
The microorganisms studied were members of the following genera: Aspergillus, Botrytis, Pichia, Scopulariopsis, Chaetomium, Penicillium, Saccharomyces, Micrococcus, Gafkya, Lactobacillus, Leuconostoc, Streptococcus, Bacillus, Corynebacterium, Mycobacterium, Salmonella, Shigella, Aerobacter, Serratia, Escherichia, Alcaligenes, and Pseudomonas. Of these, only Salmonella and Pseudomonas were observed to incorporate significant levels of radioactivity under the conditions described. (0 counit/min) it was concluded that the observed incorporation was significant. 
